IN RECENT studies of neuromuscular transmission one of the main difficulties was the scatter of the nerve-muscle junctions. This was partly overcome by using a strip preparation of the cat's soleus (cf. Eccles and O'Connor, 1939) which contains nerve-muscle junctions restricted to 1-2 mm. of muscle length. Further investigations (Eccles, Katz and Kuffler 1941a, b; Eccles and Kuffler 194la, b) were done on this strip-preparation and on frog sartorius which contains discrete foci of nerve endings (Katz and Kuffler, 1941) .
Although a sharp focus of nerve-muscle junctions would give an electric response similar to that of a single element, there are obvious advantages in recording from an isolated single neuro-muscular junction.
The main objects of this investigation on the isolated nerve-muscle fibre preparation (cf. Kuffler, 1941) are (i) to record the potential change at the small area of the junction itself, as distinct from the rest of the fibre; (ii) to find the relationship of this potential to the origin of the muscle spike potential. For recording from the single fibre in the interface similar conditions obtain as with the 'strip'-preparation of the cat (cf. Eccles and O'Connor, 1939, p. 49) , or with an active nerve fibre in a large volume of a conductive medium (Bishop, 1937) . Figure 3a shows an action potential set up by a single nerve impulse when, using microscopic observation, the recording electrode is placed on the neuro-muscular junction (n.m.j.). The potential rise is composed of two phases. The first component rises in about 0.5 msec. to 90 per cent total potential height, and the second smaller part follows after a slight delay. When the recording electrode is moved 80~ away (Fig. 3b) , the latent periods of the two components are not appreciably altered, but the first is smaller and the second shows a larger rising phase. This differential effect on the size of the two components is much increased by a further movement to 230~ from the n.m.j. (Fig. 3c) , and in addition the peak of the second component is delayed by 0.3 msec. Recording at progressively larger distances from the n,m.j. shows a corresponding increase in this delay. The spike-like second component is thus shown to be due to a propagating muscle impulse, the speed of propagation being about 2m. per sec. On the other hand the latent period of the initial potential is not altered when recorded 80 Qr 230~ away from the junction, but its rate of rise is diminished. This indicates that it is due to a local potential generated at the n.m.j. and spreading from there electrotonically along the muscle fibre, At 0.5 mm. distance (Fig. 3d ) from the n.m.j. the initial potential is inversely recorded, while the negative phase of the spike is preceded by a quick positive wave. Similar findings were obtained in the cat (Eccles and O'Connor, 1939; Eccles et al., 1941b) and are due to the leading conditions (see above). The initial positive deflexion makes it difficult to interpret accurately potentials recorded some distance from the n.m.j.
METHODS
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Thus it is evident from Fig. 3a, b, c, d , that a nerve impulse sets up a potential at the n.m.j., the "end-plate potential"
(henceforth e.p.p.), which reaches its peak in about 0.5 msec. and decrements very rapidly along the muscle fibre. No accurate data about this electrotonic decrement can be given owing to distortions due to the leading conditions (but see Fig. 3 ). The rapid spatial decrement would be expected for the electrotonic spread of such a brief potential change (cf. Bogue and Rosenberg, 1934) .
In the earlier experiments potentials similar to Fig. 3c were usually recorded at the n.m.j. However, with improvement of the dissection technic the muscle fibre was freed from nearly all surrounding tissue and it was possible to obtain a much better contact of the recording I electrode.
Under such conditions and with careful placing of the electrode right I on the motor endplate it was often found that the e.p.p. was so large that no spike The simplest way of recording from a single muscle fibre would be in paraffin oil, as was done by Hodkgin (1938) for single nerve fibres. However two main difficulties have not yet been overcome. (i) In the absence of interfacial tension, the fibre is not pressed against the electrode and, therefore, the contact is not well defined. Moreover, when the preparation is lifted into paraffin, some saline still adheres to it especially round the nerve entry, forming a drop of varying size. (ii) Little droplets along the fibre probably account for "false-leads" which complicate the records by introducing small diphasic waves similar to those described by Bishop, Erlanger and Gasser (1926) and Bishop and Gilson (1929) . This latter difficulty could frequently be overcome by keeping the recording leads close together. Figure 4a shows an observation at the n.m.j. in which the initial e.p.p. attains only about 40 per cent of the total action potential height. Figure  4b is a record taken in the interface at a comparable position. The relative sizes of the e.p.p. and spike and the periods of rise are not appreciably different from Fig. 4a , though as a rule the time course was a little slower in paraffin. Thus it appears from the recordings in paraffin, that the rising phase at the n.m.j. is not appreciably distorted when leading at the paraffinsaline interface.
Action potentials up to 100 mV have been obtained in paraffin.
B. THE ACTION OF CIJRARINE
Curarine was added to the saline-bath so that it reaches the preparation after gradual diffusion. In this way it usually took 20-30 min. to exert its full effect on the junction. During this time action potentials could be recorded at various stages of curarization as shown in Fig.  5 and 6 . A final concentration of 1-2~ mol per 1. of curarine chloride is generally sufficient for a complete block of neuromuscular transmission. Figure 5 shows a series of observations during curarization where the recording electrode is placed as near as possible to the n.m.j., the e.p.p. reaching a little over 70 per cent total potential height (Fig. 5a ). The main actions of curarine are seen to be (i) progressive diminution of rate of rise ance of the spike, leaving behind a pure e.p.p. Thus the initial e.p.p. can be diminished from over 70 per cent total potential height in Fig. 5a to about 40 per cent in Fig. 5d and still a spike arises. With a slight further diminution (compare Fig. 5d and e) , the absence of a spike shows that no propagated muscle impulse is initiated.
In all experiments
where an e.p.p. of over 90 per cent total potential height was obtained, the e.p.p. diminished to 40-50 per cent during subparalytic curarization.
Together with the reduction of the initial e.p.p. the residual end-plate negativity after the spike is greatly diminished, suggesting that in the non-curarized muscle, part of the e.p.p. outlasts the spike (cf. Eccles and Kuffler, 1941b slowing of the conduction rate of the nerve impulse during curarization. Figure 6 shows another set of observations during the application of curarine. The recording electrode was moved a little away from the endplate so that an initial e.p.p. of about 30 per cent total spike height was recorded. A striking difference from Fig. 5 can be seen in the curarine effect. The height of the e.p.p. at which the propagated impulse starts is not appreciably changed during progressive curarization, while all the other effects of cura-rine are similar to those described above. Experiments of this type were done in six preparations in which the initial e.p.p.'s were normally only 20-30 per cent total potential height. The change observed during curarization never exceeded a few per cent.
DISCUSSION
It is at first surprising that the end-plate potential (e.p.p.) preceding the spike could not be found in the multifibre preparation of the isolated frog's sartorius (Eccles et aZ., 1941a) . Its occurrence in each single nerve-muscle fibre preparation is beyond doubt and the fact that these fibres gave consistent results for over 6-8 hr. while being frequently stimulated and manipulated suggests that they are in a good condition. However, these experiments have shown that very localized leading from the end-plate zone is necessary in order to detect the e.p.p. This does not seem possible in the whole muscle, where the aggregate potential from the scattered end plates would not show the sharp change in curvature which separates the e,p.p. and the spike in a single fibre.
Despite its close resemblance to the single fibre potentials, the doublestep potential described by Schaefer and Haass (1939) could not have been due to an initial e.p.p, preceding the spike. Presumably it is produced by spikes in two different sets of muscle fibres as has already been suggested (Eccles et al., 1941a) . In the strip-preparations of cat's soleus a large initial e.p.p. (12-N per cent peak-potential) was sometimes observed preceding the spike, but usually it was much smaller or even undetectable (cf. Eccles and Kuffler, 194la) .
There has been previous evidence (Eccles and O'Connor, 1939; Eccles et al., 194la; Schaefer and Haass, 1939) that the e.p.p. is responsible for initiation of the propagated spike when a subparalytic dose of curarine is applied, or during the refractory period. From the preceding experiments it is clear that the e.p.p. is also normally responsible for the initiation of the propagated muscle action potential.
In most experiments an e.p.p. of 90 per cent total action potential height was found, and in many cases the e.p.p. formed the entire rising phase of the action potential at the endplate (cf. Fig. 3e ), the only sign of a propagated spike being the following diphasic part of the potential.
It seems reasonable to suggest that e.p.p.'s at least as large as the spike potential are produced in all preparations but are not fully recorded on account of the relative smallness of the endplate and the difficulty of placing the electrode exactly on it. Moreover the endplate does not reach round the whole circumference of the muscle fibre.
It would be of interest to know the threshold e.p.p. required for the initiation of a propagated impulse. Direct evidence might be obtained by recording at the exact position where the impulse starts; there the shortest spike-peak time would be obtained. For that a still finer method of leading would be necessary, but is not feasible at present. Further, the electrode shifts as a rule can be made in a longitudinal direction only, although rota-tion of the fibre has been attempted. The absence of a spike component in Fig. 3e suggests that the spike arises some distance away from the point of recording. It would seem that the e.p.p. has to spread and depolarize the surrounding region sufficiently to set up a propagated impulse. This would be further supported if a point could be found near the end plate, where the spike starts whenever the e.p.p. reaches a given height. Indirect evidence on this point was obtained by the curarization experiments (cf. Fig. 6 ). At the end plate (cf. Fig. 5d ) the e.p,p, diminished to about 40 per cent potential height before the spike was abolished; the height of e.p.p. and spike initiation were apparently unrelated. At a little distance away, however (cf. Fig. 6 ), the spike seemed to take off from an approximately constant level of the e.p.p.; about 30 per cent of full spike height. The spike latency naturally increased with progressive curarization as a longer time was now required for the e.p.p. to redch the critical potential height. No spike appeared when the e.p,p. was slightly reduced (cf. Fig. 6d and e) . This would suggest that the propagation along the muscle fibre starts whenever the region adjacent to the end plate is depolarized to about 30 per cent of the spike height.
From six experiments of this kind (as Fig. 6 ) it seems likely that the threshold level is about SO-35 per cent of the total action potential height. The foregoing experiments show that the end plate itself has some different properties, regarding its excitability, from the rest of the muscle. A potential appreciably greater than necessary to initiate propagation at another point of the muscle fibre, can be set up without immediately propagating itself. Hodgkin's (1938) findings for nerve thus appear to obtain for the regions adjacent to the end plate, but not for the end plate itself.
As pointed out above, latency changes of e.p.p, rise during curarization were sometimes observed. These changes, if also occurring in cat, might explain the failure of Eccles and Kuffler (1941a) to obtain a similar time course of the e.p.p. and initial part of the spike in the "matching" tests, dune on curarized preparations.
Therefore the possibility of a quicker transmitting process than the e.p.p. could not be excluded in the cat experiments.
In the light of the present findings a still quicker mechanism for neuromuscular transmission need not be postulated for the single fibre preparation of the frog.
SUMMARY
Single muscle fibres with their nerve supply have been isolated from the M. adductor longus of frog (Hyla aurea). Electric potential chan.ges have been recorded at the nerve-muscle junction.
1. A potential of about the same size as the muscle spike potential is set up by the nerve impulse at the endplate, the end-plate-potential (e.p.p.). 2. This e.p.p. is responsible for the initiation of the propagated muscle impulses.
3. The e.p.p. can be greatly diminished by curarine before the spike is abolished,
